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Previews
that axonal sorting signals, like apical ones, are generallySorting out Receptor Trafficking
in membrane or luminal/extracellular domains of these
proteins, while somatodendritic signals, like basolateral
signals, are found in cytoplasmic domains. However,
Establishing and maintaining the proper spatial distribu- there are also contradictions to this ªanalogous mem-
tion of integral membrane proteins is a functional neces- brane domainº hypothesis. Previous structure±function
sity of all cells. This is particularly obvious in the case studies of determinants of polarized protein localization
of neurons, where the polarized distribution of receptors in central neurons have been limited to nonneuronal
and ion channels in a wide variety of specialized mem- proteins expressed in cultured neurons (e.g., influenza
brane domains underlies the neuron's ability to receive, hemagglutinin, vesicular stomatitis virus glycoprotein)
process, and transmit information. However, the identifi- or studies on individual neuronal proteins (e.g., APP,
cation of determinants of neuronal polarityÐthe tar- transferrin receptors, synaptobrevin). In the few cases
geting signals that act as molecular zip codes and the where neuronal proteins have been expressed in neu-
sorting machinery that recognizes the encoded sorting rons for structure±function analyses, no general axonal
signals and trafficks the proteins to their proper subcel- or somatodendritic targeting signals have emerged, per-
lular destinationsÐremains an elusive goal. haps due to the structural variety among the examined
For over 2 decades, polarized expression of mem- proteins.
brane proteins has been extensively studied in kidney The current paper by Stowell and Craig (1999 [this
epithelial cells, where selective localization of mem- issue of Neuron]) is a new study to analyze a family of
brane proteins to either the apical or basolateral do- highly related neuronal plasma membrane proteins for
mains forms the entire basis of their directional trans- targeting signals in neurons. This work focuses on meta-
port. What has emerged from these studies is that a botropic glutamate receptors (mGluRs), a family of at
direct pathway exists whereby the trans-Golgi network least six protein isoforms that act to couple excitatory
(TGN) is able to sort membrane proteins into distinct glutamate neurotransmission and G protein±mediated
trafficking vesicles capable of targeted delivery to either intracellular signaling pathways. Depending on the mGluR
the apical or basolateral membrane domains (Keller and subtype, glutamate-induced G protein activation can
Simons, 1997). A number of sorting signals that direct lead either to activation of phospholipase C from post-
these membrane proteins to the distinct trafficking sys- synaptic sites or to inhibition of adenylyl cyclase at both
tems have been identified. Apical signals are located in pre- and postsynaptic locations. The differential tar-
membrane or luminal/extracellular domains, while baso- geting of these receptors to pre- or postsynaptic mem-
lateral targeting signals are found in cytoplasmic do- branes determines their role in either antegrade or retro-
mains. Presumably, these molecular zip codes are uti- grade synaptic signaling in the nervous system.
lized either as instructions to direct the segregation of By using mGluRs as their model proteins, Stowell and
proteins into vesicles preordained for transit to the
Craig could take advantage of the wealth of information
proper destination, or as the primary determinants of
from previous structure±function studies on the huge
polarized trafficking via direct interaction with the deliv-
family of G protein±coupled receptors and the high de-
ery machinery (molecular motors and their cytoskeletal
gree of structural similarity within mGluRs to guide ratio-
tracks), respectively. While a major effort has been di-
nal design of mutants and chimeras. The initial observa-
rected at identifying components of the sorting machin-
tion was that different mGluR isoforms transientlyery that interact with these targeting signals, none have
expressed in cultured hippocampal neurons by infectionbeen identified to date.
with replication-defective viral vectors exhibited differ-Additional mechanisms that contribute to polarized
ent subcellular distributions. Among these, mGluR2 wasprotein localization exist at the plasma membrane (Yea-
observed only in the somatodendritic domain, whileman et al., 1999). Specific components of the SNARE
mGluR7 was expressed throughout the neuron. A num-plasma membrane fusion machinery have a polarized
ber of possibilities existed for these results. The firstexpression in epithelial cells, suggesting that they play
was that mGluR2 contained a specific positive somato-a role in selective fusion of properly targeted vesicles
dendritic targeting signal that was absent in mGluR7.(Low et al., 1998). Other mechanisms operating at the
Alternative explanations included the existence of a pos-level of the plasma membrane, such as selective reten-
itive axonal signal on mGluR7 but not mGluR2 or antion of the protein within the initially targeted domain, or
ªaxon exclusionº signal specific to mGluR2. Through atranscytosis of the protein to the alternative membrane
series of ingeniously designed truncation mutants anddomain, can also impact on polarity.
chimeric proteins, the existence of ªaxon exclusionº andMore recent studies reveal that many of these pro-
ªaxon targetingº signals in the cytoplasmic C-terminalcesses are fundamental to both neurons and epithelia
tails of mGluR2 and mGluR7, respectively, was pro-(Bradke and Dotti, 1998). In most cases, the apical and
posed (see figure). The axon targeting signal of mGluR7the basolateral domains of epithelial cells are analogous
appeared to dominate, as appending this onto the end ofto the axonal and somatodendritic domains of neurons,
full-length mGluR2 or onto the somatodendritic proteinrespectively. Sorting of newly synthesized membrane
telencephalin led to expression throughout the somato-proteins occurs in the TGN located in the cell body of
neurons (see figure). Previous studies have indicated dendritic domain and the axon.
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targeting motif (West et al., 1997), these findings suggest
that, unlike apical targeting in epithelial cells, the axonal
targeting machinery of neurons can utilize cytoplasmic
sorting signals. It is interesting to note that the cyto-
plasmic tail of G protein±coupled receptors such as the
mGluRs also plays an important modulatory role and
is the site for modification by phosphorylation and for
interaction with arrestin and other cellular proteins. This
raises the possibility that the targeting of mGluRs in
neurons could be dynamically modulated via such modi-
fications in this region critical for targeting, and may
provide a mechanism to generate the observed cellular
variability in mGluR localization.
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One major question that arises from these studies Stowell, J.N., and Craig, A.M. (1999). Neuron 22, this issue, 525±536.
relates to general principles of axonal versus somato- Yeaman, C., Grindstaff, K.K., and Nelson, W.J. (1999). Physiol. Rev.
dendritic protein sorting in neurons. As discussed by 79, 73±98.
Stowell and Craig, the exclusive axonal targeting that West, A.E., Neve, R.L., and Buckley, K.M. (1997). J. Cell Biol. 139,
917±927.is widespread in nature has been difficult to reproduce
when recombinant proteins are expressed in cultured
neurons. mGluR7 is found predominantly in axons in
situ, for example. These authors point to the fact that
generating and maintaining an exclusive axonal localiza-
tion may involve more than selective axonal targeting, Trying versus Succeeding:
and propose that axonal membrane proteins may ini-
Event-Related Designstially be uniformly distributed and only achieve polarity
through localized differential turnover. As such, the short Dissociate Memory Processes
incubation times dictated by transient protein expres-
sion in cultured neurons may not be sufficient to gener-
ate the proper localization. Given this, one would expect
We have all experienced the frustration of trying to re-that any endogenous membrane protein destined for
member a name or fact that feels as if it is at the tip ofaxonal localization in cultured hippocampal neurons
our tongue but remains inaccessible despite our bestwould initially be expressed uniformly, followed by en-
efforts to retrieve it. This common occurrence providesrichment in the axon through selective turnover. Future
a heuristic demonstration that acts of remembering canstudies on the dynamics of the targeting of mGluR7 or
be separated into two types of processesÐone associ-other axonal membrane proteins may clarify these is-
ated with the effort of retrieving and one associated withsues and solve the discrepancy between in situ and in
success in retrieving. In the instance of the ªtip-of-the-vitro localization of axonal membrane proteins. How-
tongueº phenomenon, effort is exerted but informationever, identification of cellular proteins that exhibit differ-
is not successfully retrieved. While this exact experienceential interaction with the distinct targeting signals on
is not the focus of the study by Ranganath and Pallerthe cytoplasmic domains of mGluRs characterized by
in this issue of Neuron (1999), the phenomenon illus-Stowell and Craig may allow for the identification of
trates the issue that is explored; namely, understandingcomponents of the polarized protein trafficking machin-
how and where the processes associated with retrievalery in neurons that have remained so elusive in epithelial
effort and retrieval success occur in the brain. Rangan-cells.
ath and Paller have shed new light on the question ofIt is surprising that both of the sorting signals identi-
what brain regions are involved in effort and successfied by Stowell and Craig are found in the cytoplasmic
during episodic memory (e.g., see Tulving, 1983) bytail of the mGluRs. Taken together with recent observa-
tions that synaptobrevin contains a cytoplasmic axonal mapping event-related potentials (ERPs).
